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ABSTRACT

Yeager, Robert T., M.S., June 1984.

Wildlife Biology

Use of Cover by Mule Deer on a Western Montana Winter Range
(36 pp.)

Director:

I, Joseph B a l l ^ ^

The study area was classified into four categories based on
crown closure.
During the winters of 1979-80 and 1980-81, 77 km
of backtracking data were collected and 141 separate bed sites
containing a total of 489 individual deer beds were located.
Analysis of the backtracking data indicated that areas with less
than 5% crown closure received the greatest amount of use for
feeding and travelling, although significantly less use than
expected. Areas with canopy cover between 5% and 25% were
selected significantly more than expected, based on availability.
Areas with crown closure greater than 25% were used for feeding
and travelling in proportion to their availability.
For bedding,
deer strongly preferred open-timbered crown closure types (5-25%
canopy cover). All other cover types were used significantly less
than expected.
Ambient air temperatures at or below seasonal normals
apparently did not cause the deer to seek cover exceeding 25%
crown closure.
However, at temperatures above 5 C deer selected
areas with greater canopy cover and tree density.
No significant
difference was found between daytime and nighttime bed sites at
any temperature for any measured variable.
The study area
supported between 30 and 100 mule deer at any given time, from a
total population of approximately 245. My recommendation for
ensuring adequate thermal cover is to provide stands between 0.5
and 1.0 ha in size, with crown closure of approximately 25
percent.
Southern and western aspects are particularly desirable.
Areas with considerable human activity or heavy accumulations of
snow may require heavier cover.
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INTRODUCTION

Thermal cover was defined by Thomas (1979:112-115) as "cover used
by an animal to ameliorate effects of weather." For deer, cover on the
winter range may include evergreen saplings or shrubs at least 1.5 m
tall with 75% or more crown closure.

Thomas recommended that 40% of the

land type should consist of a combination of thermal and hiding cover,
with the optimal size of thermal cover areas estimated to be 0.8 to 2.0
ha with a minimum width of 91.5 m.

Some disagreement is found in the

literature concerning the importance of thermal cover for the cervids,
Ozoga and Gysel (1972) reported that white-tailed deer (Odocoileus
virginianuB) in northern lower Michigan demonstrated a shelter-seeking
response during periods of low temperature or high wind chill.

Various

other researchers have also reported that cold weather stimulated
white-tailed deer to seek protective cover (Behrend 1966, Telfer 1970,
Verme and Ozoga 1971).

Elk (Cervus elaphus) also appear to be very

sensitive to weather conditions, and show distinct behavior patterns
associated with ambient air temperature and solar radiation (Beall
1974).
The pattern for mule deer, however, appears quite different than
that exhibited by elk and white-tailed deer.

In north-central Colorado

heavily-timbered areas were used the least of all available types on the
winter range as determined by pellet group plots (Loveless 1967).
Information from a study in central Montana led Lovaas (1958) to
conclude from observational data that the most important winter range
was rolling grassland interspersed with stands of Ponderosa pine

1
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(Pinus ponderosa) and limber pine (Pinus flexilus).

Constan (1972)

concluded from a study in southwestern Montana that mule deer used
sagebrush (Artemesia sp.) types most during January.

In February and

March the Douglas fir (Pseudotsuga menziesii) type was utilized most
according to visual observations.

Constan speculated that the shift

from sagebrush to Douglas fir type was due to snow crust in the
sagebrush type.

Peek

al.. (1982:367) even went so far as to state:

"Thermal cover does not seem especially necessary to maintain high
populations of elk or mule deer."
The purposes of this study are to determine the extent to which
mule deer on a western Montana winter range utilize timbered areas for
protective cover and to relate habitat use patterns to ambient
meteorological conditions.

This information should be useful in timber

management and in providing further insight into the role of thermal
cover in mule deer management.
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STUDY AREA

The study area comprises 2,568 ha in the Garceau Gulch area on the
west side of the Flathead Indian Reservation, approximately 10 km east
of Hot Springs, Montana (Fig. 1),

The study area runs generally in a

north-south direction, with elevations ranging from 860 m at the valley
bottom on the west side to 1,588 m at the north end of the study area.
It is bounded on the south and east sides by Garceau Gulch, on the west
side by the Little Bitterroot River, and on the north side by
Rattlesnake Gulch.

The entire study area is under private ownership,

but adjoins Tribal land on the north end.
The United States Dept, of Commerce collects weather data at Hot
Springs, Montana.

The mean annual precipitation is 28.6 cm with 7.4 cm

falling during December, January, and February.
temperature is 7.4 C.
temperature of 20.2 C.

The mean annual

July is the warmest month with an average
January is the coldest month, averaging -5.1 C.

Falouse grassland occurs on the drier sites.

Bluebunch wheatgrass

(Agropvron spicatum) . Idaho fescue (Festuca idahoensis). and cheatgrass
(Bromus tectorum) are the most abundant grass species.

The most

abundant shrub species are bitterbrush (Purshia tridentata). chokecherry
(Prunus Virginiana) , ninebark (Phvsocarpus malvaceus) , oceanspray
(Holodiscus discolor), and mock orange (Philadelphus lewisii) .
Timbered areas are dominated by Douglas fir (Pseudotsuga menziesii)
and ponderosa pine (Pinus ponderosa).

The major forest habitat types

defined by Pfister e_t ajL. (1977) are:

Pinus ponderosa/Agropvron spicatum.

Pinus ponderosa/Festuca idahoensis. Pinus ponderosa/Purshia tridentata.
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Map of study area.
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Pseudotsuga menziesii/Agropvron spicatum. Pseudotsuga
menziesii/Svmphoricarpos a l b u s . and Pseudotsuga menziesii/Phvsocarpus
malvaceus.
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MATERIALS AND METHODS

This study was conducted during the winters of 1979-80 and 1980-81,
Using aerial photographs I classified the study area into four crown
closure categories;

open (<5% crown closure), open timber (5-25%),

moderate timber (26-75%), and heavy timber (>75%).

These descriptions

apply only to crown closure, not to other timber density measurements
(Fig, 2).

All references to cover types in this paper are based on the

above classification.
The two primary means of measuring deer use in each cover type were
backtracking and bed site analysis.

To avoid influencing an animal's

behavior, tracks were followed in the direction from which the deer had
come.

By counting the number of paces taken in each cover type, I was

able to obtain an index of deer use.

The activity that the animal was

engaged in during its use of a particular cover type was recorded along
with information on snow depth and number of pellet groups encountered
along the track.

Data collected at each bed site encountered were:

estimated time of use (morning, mid-day, evening, night), weather at
time of use, cover type, percent canopy cover above bed, diameter at
breast height of trees within plot, percent shrub cover, slope, aspect,
elevation, other beds in the vicinity, and adjacent snow depth.

The

prism method was used to determine basal area per ha in timbered cover
types, with the bed as plot center.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Fig. 2.

Study area classified by crown closure types.
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Trapping deer for instrumentation with radio transmitters was not
successful during the first winter.

A drive net was set up in mid-March

of the first field season and deer were driven into the net with the aid
of a helicopter.

Three adult does and one fawn were radio-collared

using this method.
Information on daily temperatures and wind speeds were collected
from the Bureau of Indian Affairs weather station at Hot Springs.
Additional weather data were collected on the study area on a regular
basis.

Precipitation data were obtained from the United States Dept, of

Commerce Hot Springs weather station.
The study area was defined by examining backtracking, pellet group,
and ground survey data and determining areas of high intensity deer use.
Availability was then calculated based on the relative amount of each of
the four cover types comprising the study area (Neu e^ a_l. 1974).

Slope

and aspect availability were determined in a manner similar to that
described by Marcum and Loftsgaarden (1980).

Chi-square tests were used

to determine if a variable was used in proportion to its availability.
To determine the effects of ambient temperature on bed site selection,
the data on aspect, percent canopy cover, trees per ha, and number of
beds per site were grouped into categories according to ambient
temperature at the time the beds were used.

Kruskal-Wallis analysis of

variance was then used to determine if values between temperature
categories were significantly different (Tuccy 1981).

Aspect means were

calculated by averaging the sines and cosines of the azimuths
(Batschelet 1965:13).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Population estimates were made from data collected by helicopter
censuses, glassing for deer from a vehicle, and counts made by walking a
survey route.

Helicopter censusing was considered to be the most

accurate method of determining population size.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

10

RESULTS

Both field seasons were unusually warm and snow-free;

the winter

of 1980-81 was the mildest winter in the Hot Springs area in 37 years
(Table 1).

A large part of the precipitation during both winters fell

in the form of rain.

These facts should be kept in mind when

interpreting the results of this study.
The total number of hectares, and the relative frequency, were
calculated for each of the four crown closure types (Table 2).

Because

of the small contribution of the heavy-timber crown closure type to the
total sample size, this category could not be evaluated statistically.
However, it will be discussed as a distinct category for illustrative
purposes.
Of the four deer that were instrumented with radio-transmitters,
two migrated from the study area during the spring of 1980 and did not
return.

One of the two deer that remained on the study area was shot in

November of 1980.
field season.

This left one radio-collared animal for my second

With such a small sample size I decided to discontinue

plans for using radio relocations as a means of collecting habitat
selection data.

The results reported here are based on the combined

snow tracking data collected during the winters 1979-80 and 1980-81.
Seventy-seven kilometers of backtracking data provided information
on the distance travelled by deer in each crown closure category.

By

comparing actual deer use to the use expected based on availability, 1
was able to determine preferences between crown closure types.

The

number of kilometers on a deer track were classified into one of the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 1. Winter weather data recorded at Hot Springs,
Montana, during the study and 30 year averages

Period

Mean
monthly
temperature
(°C)

No. of days
with high
temperature
above 0°C

Total
precipitation
(mm)

-1.2
0.2
-7.7
— 1.2
1.2

26
27
13
22
27

4.8
56.4
56.1
12.7
19.1

3.2
1.3
—0.1
0.7
4.1

30
26
27
24
31

39.1
76.7
13.2
58.4
10.2

1979-1980
November
December
January
February
March
1980-1981
November
December
January
February
March
1930-1961
November
December
January
February
March

0.6
-2.3
-5.1
-3.2
1.5

30.5
27.4
26.2
20.8
17.8

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

12

Table 2.
area.

Crown closure types within the study

Total area

Percent of

Crown closure type

(ha)

study area

Open

696.4

67.0

Open-timber

152.9

14.7

Moderate-timber

182.8

17.6

7.2

0.7

1039.3

100.0

Heavy-timber
Totals

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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four crown closure categories (Table 3).

The observed and expected

values were significantly different (P < 0.05), indicating that deer did
not use the crown closure types for feeding and travelling in proportion
to their availability (Fig. 3),
Bed site data were also classified by crown closure category
(Fig. 4).

Usually more than one deer bed occurred at each site, so I

listed both the number of separate bed sites and the total number of
beds located in each crown closure category.
containing a total of 489 separate deer beds.

I located 141 bed sites
Both sets of observed and

expected values were significantly different (P < 0.01), indicating that
bed site selection was not random.

Open-timber types were strongly

preferred, while open and moderate-timber types were used less than
expected.

Use of heavy-timber types for bedding was proportional to its

availability.
Open crown closure types were used most extensively as bed sites at
temperatures between -18 and -7 C.

Open-timber types received the most

use during periods below -18 C at temperatures between -6 and 5 C,

At

temperatures above 5 C the moderate-timber types received the greatest
use (Table 4).
The results of the Kruskal-Wallis analysis of variance for the
variables related to tree cover indicate that there was a significant
difference (P < 0.05) between temperature categories in both canopy
cover and trees per ha at bed sites.

The deer appeared to select areas

that provided greater canopy cover at temperatures below -18 C and above
5 C (Fig. 5).

The data for trees per ha suggest that the deer selected

areas of greater tree density as temperatures increased (Fig. 6).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 3. Relative use of crown closure types as de
termined by backtracking during the winters of 197980 and 1980-81.

Crown closure type

Kilometers

Percent of total

Open

40.4

52.4

Open-timber

21,8

28.3

Moderate-timber

12.0

15.6

Heavy-timber

2.9

3.7

Totals

77.1

100.0

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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AVAILABILITY

HCAVY-TIMBER

0.7%

USE

• P < 0 .0 5

Fig. 3. Relative use of crown closure types for feeding and
travelling. Use of open and open-timber types differed significantly
from availability (P < 0.05).
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AVAILABILITY

OPEN
67.0%

_

~

H E A V Y -T IM B E »

0.7%

MODERATE-TIMBER
17.6%

OPEN-TIMBER
>4,7%

BEDS

0.2%
MODERATE-TIMBER *
5.3%
OPEN-TIMBER
4 4 .4 %

B E D SITES
* P < 0 .0 5

OPEN •

42.6%

HEAVT-TIMBER
0.7%
MOOERATE-TIMBER •
8.5 %
OPEN-TIMBER •
4 8 .2 %

* P < 0 .0 5

Fig. 4. Relative use of crown closure types for bedding. Use of all
types except heavy-timber differed significantly from availability
(P <

0.05).
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Table 4. Relative use (%) of crown closure types as bed sites,
listed by temperature category.

Relative number of bed sites
Temperature

(C)

Crown closure types

< —18

—18 to —7

Open

34.6

60.9

21.1

12.5

Open-timber

57.7

36.2

65.8

37.5

Modérate-timber

7.7

2.9

10.5

50.0

Heavy-timber

0.0

0.0

2.6

0.0

100.0

100.0

100.0

100.0

Totals

-6 to +5

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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No preference was observed for slope at the bed sites.

All four

slope categories were used in proportion to their availability
(Table 5).
Overall, mule deer selectively avoided eastern aspects as bed sites
and chose southern aspects more often than expected.

All other aspects

were used approximately in proportion to their availability (Table 6).
The mean number of beds per site was not significantly different
between temperature groups (Table 7).

The results show a tendency for

deer to bed on sites with southern exposures at temperatures below 5 C.
Bed sites at temperatures above 5 C tended to be on sites with western
exposures, although there was a large degree of dispersion around the
mean in all four temperature categories.
No significant difference was found in the mean values for percent
canopy cover, trees per ha, or beds per site between daytime and
nighttime bed sites at any temperature (Table 8).
I recorded
backtracking in

the number of pellet groups encountered per km of
each crown closure type (Table 9).

Open-timber

had the

greatest number, followed by moderate-timber, open, and the heavy-timber
types.
Population censuses indicated that the mule deer on the study area
were part of a larger, highly mobile population with a range extending
from Garceau Gulch to the Big Draw, an area approximately 19 km long and
5 km wide.

The

given time from

study area supported between 30 and 100 deer at
a total population of approximately 245.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 5. Relationship between the number of bed
sites and slope. Use did not differ significantly
from expected (P > 0.05).

Percent slope

Observed sites

Expected sites

0-10

18

11

11 - 30

58

65

31 - 50

62

62

3

3

> 50

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 6. Relationship between the number of bed
sites and aspect. Eastern aspects were avoided,
while southern aspects were preferred (P < 0.05).

Aspect azimuth

Observed sites

Expected sites

45 (N)

12

12

46 — 135 (E)

14

22

136 - 225 (S)

57

50

226 - 315 (W)

58

58

316 -

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 7. Mean number of beds and mean aspect at bed
sites, listed by temperature category. Neither
variable differed significantly between temperatures
(P > 0.05).

Temperature (C)
< -18

-18 to -7

-6 to 5

>5

Mean beds/site

4.5

2.9

3.7

4.0

Aspect azimuth

231-0

240.0

261.0

286.0

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 8. Several bed site variables
listed by time of day. None of the
variables differed significantly be
tween daytime and nighttime (P > 0.05).

Day

Night

3.8

3.3

Percent canopy cover

36.5

27.0

Trees/ha

63.4

49.9

Mean beds/site

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 9. Number of pellet groups encountered per
kilometer of backtracking, listed by crown closure
type.

Crown closure type

Pellet groups/km

Total km

Open

3.89

40.4

Open-timber

8.78

21.8

Moderate-timber

5.83

12.0

Heavy-timber

3.50

2.9

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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DISCUSSION

Backtracking deer was considered to be the most efficient and
reliable means of determining deer use patterns of the crown closure
types.

Advantages of backtracking included a high degree of accuracy

and low cost.

The major disadvantage of this method was that it proved

to be very time consuming.

Locating a track, backtracking the deer over

long distances, and recording its activities, required a considerable
investment of time.
Overall, mule deer utilized open areas during their daily
activities more than any of the timbered types.

Kasworm (1981) reported

that a comparison of five winter ranges in north-central Montana, on the
basis of proportions of vegetation cover types and topographic features,
could not explain differing deer densities among the winter ranges.
Plant species that were abundant on open, exposed slopes comprised the
bulk of mule deer diets on the East Front winter ranges of Montana
(Ihsle 1982).

The amount of deer use in the open types on my study

area, however, was less than expected;

open-timber types, on the other

hand, received more use than expected.

Loveless (1967) had similar

findings in north-central Colorado.

He reported that deer used

open-timbered areas more than heavily-timbered areas during most of the
winter.

Conversely, Youmans (1979) found that mule deer on the

Armstrong winter range in southwestern Montana made extensive use of the
forested habitat types.

She attributed this behavior to the fact that

there was greater snow accumulation on more exposed sites.

She

concluded that the deer emphasized energy conservation rather than
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forage gathering.

Keay and Peek (1980) reported that mule deer in

northern Idaho wintered in Douglas fir stands with 75% crown closure.
Loveless (1964) used pellet group data to conclude that the areas
of most intensive use by mule deer during the winter in Colorado were
shrub and open-timber shrub understory types.

These areas had a longer

duration of direct sunlight and significantly higher mean air
temperatures than other vegetative cover types.

My study area had much

more open grassland than did the Colorado area.

Open grassland on my

study area probably had the highest mean temperatures and the longest
duration of direct sunlight, but were used less than expected, based on
proportionate availability.

It was during periods of ambient

temperatures between -18 and -7 C that open cover types received the
greatest proportion of use;
for the warmest environment.

therefore deer were not always selecting
Temperature regimes alone apparently did

not account for selection of a particular vegetation type.
The bed site data indicated an even greater preference for
open-timber crown closure types.

Although this type comprised only

14.7% of the study area, it contained 48% of the bed sites.

Mackie

(1970) reported that dense stands were not selected for bedding on the
winter range, with canopy coverage at bed sites averaging 14 percent.
Moderate and heavy timber crown closure types received significantly
less use as bed sites than predicted, based on availability.

But I

should stress that animals may not exhibit a preference for habitat
requirements that are in oversupply (Peek e^ âi* 1982).
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Plant community characteristics such as vegetation height, crown
closure, canopy depth, stem density, and basal area exhibit a great
effect on the microclimate of an area by modifying radiation levels,
wind speed, and temperature (Leckenby 1977),

Behrend (1966), Verme and

Ozoga (1971), and Ozoga and Gysel (1972) reported that white-tailed deer
moved into dense, mature timber stands during periods of severe winter
weather.

The data for mule deer, however, shows a different behavioral

response during periods of inclement weather.

Lovaas (1958) reported

that mule deer moved onto open ranges or into patches of timber during
cold and snowy periods.

In north-central Colorado heavy-timber areas

were used the least of all types.

Open-timber types, or sites

contiguous to them, were preferred as bedding areas (Loveless 1967).
Moen's (1968) theory, that a single conifer tree can apparently emit
nearly as much radiation per unit area at its base as a continuous
stand, may serve in explaining this behavior.

If his theory is true,

open-timber stands could provide a microenvironment similar to that of a
much denser stand during periods of little or no wind.

A study of

penned white-tailed deer demonstrated that deer restricted to areas of
sparse cover selected bedding sites with microclimates similar to those
in areas with moderate and dense tree cover (Robinson 1960).
This raises the question of whether it is ambient air temperature
or snow conditions that stimulate mule deer to seek timber cover.
Wallmo and Gill (1971) postulated that winter mule deer distribution in
north-central Colorado was governed primarily by snow depth.
Severinghaua (1947) reported that deer mortality was lower in cold
winters, because they were relatively dry, than in winters with warmer
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temperatures but greater snowfall.
factor in winter mortality.

Snow depth appears to be the key

Wallmo (1981) stated that mule deer make

little use of "critical” winter range areas in years with light
accumulation of snow.

In areas that experience considerable snow

accumulations, timber cover increases in importance.

Several authors

have reported that snow depths exceeding 0.5 m essentially preclude any
use of the area by deer (Gilbert e^ al.. 1970, Loveless 1967,
Severinghaus 1947).

In a coniferous tree stand the amount of snow

interception is a direct function of canopy cover.
formula was developed by the U.S. Army (1956);
0.36 X percent canopy cover.

The following

Percent interception =

Isolated conifer stands on mule deer

winter range provide important refuge from untrafficable snow conditions
(Wallmo 1981).
Snow conditions on the study area during both winters of my study
were not severe enough to inhibit mobility of the deer.

Snow

accumulation never exceeded 0.25 m, with snow cover seldom existing for
more than a few days at a time.

My results demonstrate the response of

mule deer to ambient temperatures when snow depth is not a limiting
factor in habitat selection.
Comparing mule deer bed site characteristics on my study area to
ambient air temperatures revealed an interesting behavioral pattern.
During periods of temperatures below -18 C, mule deer tended to bed at
or near the base of trees in open-timber stands.

At air temperatures

between -18 C and -7 C they showed the least affinity for tree cover,
bedding on open sites.

However, at temperatures between — 7 C and 5 C

deer once again favored areas of greater tree density per ha.
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greatest movement of deer into timber stands was observed at air
temperatures above 5 C,

Bed sites selected during these periods had the

highest mean canopy cover and trees per ha.

Deer were also observed to

remain in shaded areas and restrict their movements during periods above
5 C,

Under the conditions prevailing during this study, mule deer were

apparently more sensitive to warmer temperatures than they were to
normal seasonal temperatures.
The overall pattern was for mule deer to bed in open-timber areas
on southwest exposures during periods below -18 C, to move into more
open areas but remain on southwest exposures between -18 C and -7 C,
then to move back into stands with greater tree density per ha and
western exposures as temperatures continued to increase, finally bedding
on sites with the greatest number of trees per ha and western exposures
at temperatures above 5 C,

By comparison, Beall (1974) reported that

during colder periods elk bedded on open south slopes during the day and
dense timbered north slopes at night.

As temperatures increased, elk

shifted toward north aspects in dense timber for day bedding and open
southern aspects at night.

I found no significant differences in canopy

cover or trees per ha between day and night bed sites for mule deer.
Mule deer did not demonstrate a preference for any particular
slope.

Deer did not bed in larger groups, nor in closer proximity to

one another, during inclement weather.

Precipitation did not appear to

influence deer movements or behavior.

The animals were observed to feed

and bed in unprotected areas during periods of rain and heavy snowfall.
Loveless (1964) reported no discernible reaction by mule deer during
both light and heavy snow storms.

Staines (1976) reported similar
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findings for red deer (Cervus elaphus).
The pellet group data (Table 9) can be interpreted in at least two
ways.

First, the speed of travel could vary between the cover types.

If deer crossing an open-timber area traveled slower than when crossing
an open area, more pellet groups per km would be deposited in open-timber.
The other possibility is that deer may selectively move into open-timber
and moderate-timber to defecate.
the deer during these periods.

These areas may provide security for
This information may be useful in

calculating deer use days in various cover types.
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CONCLUSIONS

My conclusions are based on data collected during two unusually
mild and snow-free winters.

Analysis of backtracking data indicates the

open crown closure type received the greatest use of all four crown
closure categories for feeding and travelling.

Use of the open-timber

type was significantly greater than availability.

Analysis of bed site

data indicates the open and open-timber categories each contained
approximately the same number of beds and bed sites, however,
open-timber was highly preferred, and open types were used significantly
less than expected for bedding.
Thermal cover as defined by Thomas (1979) is probably most
important on winter ranges that receive heavy snow accumulation, and
during periods of unseasonably warm temperatures.

Crown closure of 25%

or less was sufficient to meet the needs of mule deer at ambient
temperatures as low as -28 C for a four day period.

I recommend that

open-timber stands between 0.5 and 1.0 ha should be available to the
deer to meet their requirements for security and protective cover.
Southern and western aspects are particularly desirable.

Heavier cover

may be necessary in areas that are subject to a considerable amount of
human activity.
Larger stands with greater crown closure may be important on winter
ranges that are prone to high winds and heavy accumulations of snow.
These stands may also provide relief to deer during unseasonably warm
periods.

I found that deer moved into stands with crown closures

greater than 25% when temperatures exceeded 5 C.

It appeared that deer
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acclimatized to winter conditions were more sensitive to unseasonably
warm weather than to subzero temperatures.
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